ABSTRACT--Four monoclonal antibodies (MAbs: Mm, MGm, MGcp1 and MGcp2) were pro duced against peritoneal exudate cells of rainbow trout, Oncorhynchus mykiss. The MAbs were characterized by immunofluorescence assay, flow cytometry, immunoelectron microscopy and Western blotting, and utilized to isolate macrophages and neutrophils by magnetic cell sorting. The immunofluorescence assay and flow cytometry showed that each of the MAbs was specific for both macrophage and neutrophil populations and these cells were observed in leucocytes from various origins, i.e. the head kidney, peripheral blood and peritoneal exudate. Mm and MGm reacted with membrane antigens, while MGcp1 and MGcp2 reacted with intracellular antigens. The MAb-positive cells were identified as both macrophages and neutrophils by electron microscopy using immunogold labelling. A Western blot analysis revealed that the MAbs detected different determi nants (Mm; 205,151 and 107 kDa: MGm; 205, 143, 107, 76, 55 and 52 kDa: MGcp1; no reaction: MGcp2; 64 kDa). Macrophages and neutrophils were efficiently isolated by a magnetic cell sepa ration system with Mm and MGm. These antibodies will be useful for identifying and isolating rain bow trout macrophages and neutrophils, which facilitate studies of trout leucocytes.
Monoclonal antibodies (MAbs) are useful tools in immunological research and have contributed to the identification and separation of leukocyte populations. B cells in fish, as in mammals, can be identified by MAbs that detect cell surface immunoglobulin. Such studies have been carried out in carp (Secombes et al., 1983) , rainbow trout (Thuvander et al., 1990) and sea bass (dos Santos et al., 1997) . MAbs against other sub-popula tions of leukocytes have also been reported such as channel catfish T cells (Ainsworth et al., 1990) . Approximately 50 MAbs against fish leukocytes or immu noglobulin are listed by Romano (1998) . In contrast to the mammalian CD (cluster of differentiation) system registering over 160 antigens recognized by MAbs (Kishimoto et al.,1998) , it is true that systematic editing of MAbs against fish leukocytes is delayed because of their less information.
Therefore, further production and characterization of new MAbs against fish leuko cytes would be helpful for developing fish immunological studies.
Above all, MAbs against fish neutrophils and/or macrophages have potency as a useful tool because these cells play important roles in the immune response.
Both neutrophils and macrophages are phagocytic cells, which migrate to inflammatory sites and eliminate microorganisms by phagocytosis (Ainsworth, 1992; Secombes and Fletcher, 1992) . In addition, mac rophages are involved in antigen presentation (Vallejo et al., 1992) and production of cytokines (Secombes et al., 1996) . MAbs that react with these cell populations have been reported in channel catfish neutrophils (Bly et al., 1990) and carp neutrophils and monocytes (Nakayasu et al., 1998) . To date, no MAb specific for rainbow trout macrophages and/or neutrophils has been established, although Slierendrecht et al. (1995) and Bowden et al. (1997) reported MAbs that reacted not only with these cell types but also with other leukocyte populations. MAbs specific for macrophages and neutro phils would allow isolation of the cells with high purity and no activation due to adherence to extracellular ma trix, and visualize localizations of phagocytes during the 
Results
Production of monoclonal antibodies and screening Of 384 wells, 346 (90.1%) had hybridoma colonies (an average of 3.2 colonies/well). The supernatants of 80 of these wells reacted with PEC in IFA. Of these supernatants, four did not react with erythrocytes, lymphocytes and thrombocytes using PBL samples. From colonies in these four wells, a targeted colonie was cloned by two times limiting dilution. The four clones were designated Mm (Ig G3), MGm (Ig M), MGcp1 (Ig G1) and MGcp2 (Ig G1), respectively.
In IFA, the four clones specifically reacted with large cells that had an eccentric polymorphonucleus, vesicles in the cytoplasm and extended pseudopodia ( Fig. 1(a)-(d) ). These cells were thought to be monocytes/mac rophages or neutrophils. Some of the large leukocytes showed no specific immunofluorescence.
The control antibody didn't react with trout blood cells.
Flow cytometry
Cell types were classified by flow cytometry accord ing to two major regions.
One region (region A) showed low values in both forward scatter (FS) and side scatter (SS) and the other region (region B) showed high values in both parameters (Fig. 2 (a) , (d), (g)). Cells in region A were considered as lymphocytes and thromb ocytes, and those in region B were considered as granu locytes and monocytes/macrophages.
Mm and MGm showed clear positive signals in each region B of the fluorescence histograms of PEC, HKL and PBL (Fig. 2 (c), (f), (i)). Few positive cells were observed in region A with either MAbs (Fig. 2 (b) , (e), (h)). In the both analysis with Mm and with MGm, the percentages of the PEC, HKL and PBL that were positive in region B were 30-50%, 70-75% and 10-15%, respectively.
None of the cells reacted with MGcp1, MGcp2 or the control anti body.
I mmunoelectron microscopy
The and microfilaments in the cytoplasm and well-extended pseudopodia. Neutrophils were characterized by an eccentric multilobed nucleus with condensed chromatin, and had fewer vesicles in the cytoplasm than macrophages.
Lymphocytes were easily distinguished from macrophages and neutrophils by their small cell size, round shape and low N/C ratio. Thrombocytes were also easily distinguished by their small cell size, varying shape from round to spindle-shaped and canalicular system in cytoplasm.
Only a few thrombocytes were observed in the PEC sections.
Macrophages and neutrophils were partly labelled with Mm-or MGm-gold particles. The particles were localized near the cell membrane and in the cytoplasm (Figs. 3-5) . Most of the neutrophils were labelled by the two MAbs and contained more gold particles than did macrophages (not shown). With MGcp1 and MGcp2, gold particles were found in the cytoplasm of macrophages and neutrophils (Figs. 6 & 7) . Macrophages or neutrophils with no gold particles were also observed in the sections tested with each MAb (figures not shown). There is no binding of gold particles to cells with the control antibody.
Western blotting
A Western blot analysis under reduced conditions was performed using the four MAbs. any bands (Fig. 8) . No reaction by MGcp1 was probably due to denaturation of the antigen under reduced conditions. The negative control didn't stain any band in the lysate.
Magnetic cell sorting by the MAbs
The cells were magnetically sorted with Mm or MGm. Most (>95%) of the cells selected by the two MAbs were macrophages and neutrophils, but these cell populations were also observed in the negative fractions (Table 1) . After the magnetic separation, neutrophils and macrophages accounted for 99.0% of the Mm-positive cells (84.8% and 14.2%, respectively), and 95.3% of the MGm-positive cells (77.3% and 18.0%, respectively). On the other hand, the negative cell fractions selected by the two MAbs each were constituted of various cell types, including macrophages and neutrophils. ln the MAb-negative fractions, macrophages and neutrophils accounted for 57.6% of the Mm-negative cells (34.3% and 23.3%, respectively), and 38.6% of the MGm-negative cells (34.9% and 3.7%, respectively). The MAb MGm deleted more neutrophils by its binding than did Mm. 
Discussion
In this study, four MAbs (Mm, MGm, MGcp1 and MGcp2) were produced against PEC of rainbow trout and found to react with antigens shared with both macrophages and neutrophils. To date, Slierendrecht et al.
(1995) and Bowden et al. (1997) reported a MAb that cross-reacted with trout granulocytes and thrombocytes and two MAbs that cross-reacted with trout macrophages, granulocytes and lymphocytes, respectively. But no MAb that was specific for only trout macrophages and neutrophils, i.e., phagocytic cells, has been shown. Hence it is considered that the present study is the first report of anti-macrophages and neutrophils MAbs in rainbow trout which should be helpful for isolation and identification of these cell populations more easily.
We used PEC as an immunogen to produce MAbs reactive with macrophages and neutrophils since the PEC was rich in these cell populations (Afonso et al., 1998 electron microscopy, it was found that the four MAbs reacted with macrophages and neutrophils but not with thrombocytes, lymphocytes and erythrocytes. Identifi cation of the MAb-positive cells under the electron micro scope was based on previously described criteria (Ellis, 1977; Suzuki, 1986 ; Rowley et al., 1988; Ainsworth, 1992; Suzuki and Iida, 1992 ; Afonso et al., 1997 and 1998) . The cells labelled with gold particles were iden tified as macrophages and neutrophils from their mor phological characteristics.
Lymphocytes and thromb ocytes were thought to be MAb-negative cells because of the absence of gold particles or the absence of spe cific immunofluorescence.
Further analyses showed the localization of the anti gens that can be detected with MGcp1 and MGcp2. The MAbs MGcp1 and MGcp2 did not react with living leukocytes in FCM while Mm and MGm clearly showed the immunoreaction with them, indicating the antigens recognized by MGcp1 and MGcp2 were present inside the cells. This fact was also confirmed by immuno electron microscopy. Gold particles conjugated with MGcp1 or MGcp2 were observed in the cytoplasm, while the complexes of Mm-gold particles and MGm-gold par ticles were found in the cytoplasm and on the cell surface. These data suggest that MGcp1 and MGcp2 are reactive with intracytoplasmic antigens restricted to macrophages and neutrophils. The antigens recog nized by MGcp1 and MGcp2 might exist on molecules related to functions performed in the cytoplasm of mac rophages and neutrophils as seen the antigen CD 68 is a lysosomal membrane-associated antigen restricted to macrophages (Parwaresch et al., 1986) .
Interestingly, the four MAbs did not react with all of the macrophages and/or neutrophils. In the present flow cytometry studies, the trout leukocytes in the FS/SS dot plot patterns were classified according to previous descriptions (Morgan et al., 1993 ; Kfoury Jr. et al., 1999) . The analysis indicated that Mm and MGm reacted strongly with the monocyte/macrophage and neutrophil fraction (region B) but not with all of the cells. The percentages of MAb-positive cells in region B also varied among PEC, HKL and PBL. In the elec tron-microscopic observations of cells with each MAb, there were always some macrophages and neutrophils with no gold particles (figures not shown). In addition, in the magnetic sorting experiments, the Mm-and MGm -negative cell fractions included macrophage and neutro phil populations.
Macrophages and neutrophils have different morphologies and functions within the same cell population depending on their stage of maturation or state of activation (Suzuki, 1986; Ainsworth, 1992; Secombes and Fletcher, 1992; Matsuyama and Iida, 1999) . The MAbs produced in this study may have reacted with determinants related to different cell stages in monocytes/macrophages and neutrophils. Further studies of the differences in functions of the MAb-positive and the MAb-negative cells in the macrophage and neu trophil populations are needed, which may clarify charac teristics of the cell stages of these cell populations.
In the magnetic sorting with Mm or MGm, more than 95% of the cells in the MAb-positive fractions were mac rophages and neutrophils.
Separation of these cell populations by using MAbs can avoid the disadvantages of separation by cell adherence selection and Percoll centrifugation, meaning unexpected activation of cells due to adherence and contamination of other cell popu lations such as weakly adherent cells and cells with simi lar density. Present high efficiency of separation by the MAb can be useful in studying the function of these cells. Magnetic cell sorting with MGm was especially effective in removing neutrophils from the negative fraction. These. MAbs may be useful in combination with other MAbs. For example, separation from intact leukocytes suspension using MGm, which strongly reacts with neutrophils, in combination with other MAbs against lymphocytes and/or thrombocytes will be appli cable for purification of particular monocyte populations in the negative fraction after the separation. Regrettably, the ratios of MAb-positive and MAb -negative cells within macrophage and neutrophil popula tion each were not focused in this study. But it was considered that these ratios could be varied among the leukocytes collected from different tissue origins or under stimulated conditions since these four MAbs might react with antigens related to a cell stage within one cell population as described above.
The Western blot analysis under reduced conditions showed that the four MAbs had different reactivities. Mm and MGm showed a number of immunoreactive bands with different molecular weights. These results suggest that the same antigenic determinants are shared by several proteins, as previously reported by Greenlee and Ristow (1993) . MGcp1 may recognize three-dimensional structures since the antigen was denatured under reduced conditions while MGcp2 showed one band. It can be concluded that the four MAbs recognize epitopes with different characteristics.
In summary, four MAbs that reacted with antigens shared by rainbow trout macrophages and neutrophils were established, and these cells were successfully iso lated from other cells by two MAbs each. These MAbs will be useful tools for future studies of trout immunity involving phagocytes, such as analyses of antigen pre sentation and cytokine releases.
Further studies to analyse the functional differences between MAb-positive and -negative cells would also disclose new knowledge of these cell populations.
